Nitrite reductase from green leaves of corn (Zea mays L.) is eluted from a diethylaminoethyl-ceilulose column in one peak of activity by a chloride gradient, while nitrite reductase from scutellum tissue is resolved into two peaks of activity, apparently representing two forms of the enzyme NiRl and NiR2. One of these (NiR2) elutes at the same concentration of chloride as the leaf nitrite reductase. Roots and etiolated shoots also exhibited both forms of the enzyme, however, lesser amounts of NiRl is extractable from these tissues than from scutellum. Comparison of green leaf nitrite reductase with NiR2 from scutellum tissue shows similar or identical properties with respect to molecular weight, isoelectric point, electron donor requirements, inhibition properties, pH optima, thermal stability, and pH tolerance. The significance of these similarities in relation to probable differences in the biochemical mechanism of nitrite reduction between leaf and scutellum tissues is discussed. Although ferredoxin is considered, with some reservations, to be the electron donor for nitrite reductase in green tissue, the reductant for nongreen tissue is not known. The possibility that nitrite reductases from green and nongreen tissues uses the same electron donor, in vivo, is considered.
In chlorophyllous tissue nitrite reductase is considered to be localized within the chloroplast (6, 28, 30) and to utilize photoreduced ferredoxin (12, 17, 18, 20) , flavodoxin (30) , methyl viologen, or benzyl viologen (4, 19) to reduce nitrite. Doubts concerning the location of the enzyme and the nature of the process have been expressed (10, 1 
1).
Nitrite is also reduced in nonphotosynthetic tissues (8, 9, 27 ) and nitrite reductase has been extracted from tomato roots (29) , barley roots (21) (22) (23) (24) (25) , corn scutella (14, 16) , and wheat roots (7) . Nitrite reductases extracted from these various tissues were unable to use NADH or NADPH as a reductant but would reduce nitrite in the presence of reduced viologen dyes. known. The involvement of ATP in the process has been suggested (2) .
A recent study has documented the presence of two forms of nitrite reductase in extracts from corn scutella (16) . During comparisons of two forms of nitrite reductase from corn scutella (16) , it became obvious that these enzymes have many characteristics in common with the nitrite reductase isolated from marrow and spinach leaves (13, 15) . The present paper describes comparison of nitrite reductase from leaves of corn with the scutellum enzymes from the same species.
MATERIALS AND METHODS Plant Culture. Corn seeds (Zea mays L. var. Ohio 43 X B14) were germinated in the dark as described by Hucklesby et al. (16) . Light-grown seedlings were cultured in vermiculite and watered daily with Hoagland's solution.
Preparation of Nitrite Reductase. Scutella, roots, and etiolated shoots (mesocotyl and plumule) were obtained from 4-day-old dark-grown seedlings, whereas the third fully expanded green leaves were harvested from 14-to 21-day-old corn seedlings. The tissues were homogenized, at 0 C, for 90 sec in a homogenizer (VirTis Research Equipment, Gardiner, N. Y.) at one-half line voltage with four volumes of 25 mm potassium phosphate buffer containing 5 mm EDTA and cysteine hydrochloride (1 mm for scutellum, 5 mm for other tissues) adjusted to a final pH of 8.6. The homogenate was filtered through four layers of muslin, centrifuged at 27,000g for 30 min, and the supernatant was dialyzed against 20 mm potassium phosphate buffer, pH 7.7, containing 0.1 mt dithiothreitol for 5 hr at 2 C.
The dialyzate was adsorbed on a DEAE'-cellulose column (15 cm X 1.7 cm) previously equilibrated with 20 mm potassium phosphate, pH 7.7, containing 0.1 mM dithiothreitol. Nitrite reductase was eluted from the column with a linear chloride concentration gradient, 0 to 0.4 M in 300 ml, buffered as above. When comparisons were made among the different tissues, identical columns were organized in parallel. A common gradient maker was used to supply each column and the flow rate (20 ml/hr) through each was synchronized with a four-channel pump (Polystaltic, Buchler Inst. Inc., Fort Lee, N.Y.). The activity of nitrite reductase in each fraction was determined by the procedure described previously (16) , and those fractions containing enzyme were bulked and desalted by dialysis against the elution buffer. This procedure represents the method by which nitrite reductase was prepared for use in all studies.
Molecular Weight Determination. Nitrite reductase prepared as previously described was lyophilized and taken up in a minimal volume of 50 mm tris-HCl (pH 7.5) and 100 mm with 'Abbreviation: DEAE: diethylaminoethyl.
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DALLING, HUCKLESBY, AND HAGEMAN respect to KCl and chromatographed on a column of Sephadex G-100 using the same buffer. The column was calibrated according to the method of Andrews (1), using cytochrome c, myoglobin, ovalbumin, bovine serum albumin monomer, glucose-6-P dehydrogenase, and bovine serum albumin dimer as standards of known molecular weight.
Chemicals. Special chemicals were obtained from the following sources: N,N'-dibenzyl-4,4'-dipyridylium dichloride (benzyl viologen) and sodium dithionite from British Drug Houses, Poole, England; N, N'-dimethyl-4, 4'-dipyridylium dichloride (methyl viologen) from Sigma Chemical Co., St. Louis, Missouri; 4,7-diphenyl-1, 10-orthophenanthroline disulfonate (bathophenanthroline disulfonate), and 2,9-dimethyl 4,7-diphenyl-1, 10-orthophenanthroline (bathocuproine) from Eastman Kodak, Rochester 3, New York; DEAEcellulose (Cellex, 0.76 meq/g exchange capacity) from BioRad, Richmond, California.
Nitrite Reductase Assay. Viologen dyes reduced with dithionite were used as electron donors to the nitrite reductase enzyme. Methyl viologen was used in method 1; benzyl viologen in method 2. For quick assay of activity in large numbers of column eluate fractions, a small scale assay (method 3), with benzyl viologen as the electron carrier, was used. All three methods have been described in detail (16) .
Isoelectricfocusing. The isoelectric point was determined on a LKB 8101 isoelectricfocusing column with sucrose as the nonionic solute. The column was operated at 500 v for 24 to 36 hr at 4 C. Nitrite reductase, prepared as previously described, was lyophilized and taken up in 6 ml of water and applied directly to the column.
RESULTS
Ion Exchange Chromatography. Figure 1 shows typical elution patterns of nitrite reductase activity obtained from extracts of scutella, roots, and shoots of etiolated 4-day-old seedlings and of green leaves. Similar patterns were obtained in subsequent experiments. Chromatography of leaf extracts gave one peak of activity, eluting at 0.24 M NaCl. By contrast, the scutellum, root, and nongreen shoot extracts were resolved into a peak of activity eluting at 0.16 M NaCl (NiRl) and a NiRI NR2
. 2 . Effect of pH on stability of partially purified nitrite reductase from green leaves and scutella (NiRl and NiR2). Enzyme preparations were subjected to the indicated pH for 20 min at 0 C, and the pH was then adjusted to 7.5. Enzyme activity was measured by method 1 and is expressed as percentage of control preparation kept at pH 7.5 throughout the experiment. Green leaf (
second peak (NiR2) at 0.24 M NaCl, which corresponded in elution position to the green leaf nitrite reductase. Passage through the column increased specific activity from 5-to 15-fold by comparison with the specific activities of the crude extracts.
In the nongreen tissues the proportion of NiRl and NiR2 (on a fresh weight basis) was found to be constant for a particular tissue but varied according to the tissue examined. The ratio NiRl/NiR2 was 1.45, 0.14, and 0.36 for scutellum, root, and nongreen shoot tissue, respectively.
Isoelectricfocusing inhibition of nitrite reductase from both leaves and scutella, and this effect was reversed by the addition of 5 mm GSH. Organic chelating reagents were generally ineffective as inhibitors; the exceptions were bathophenanthroline disulfonate and bathocuproine disulfonate. Experiments designed to elucidate the nature of this inhibition were inconclusive (5). Nitrite reductase was particularly sensitive to cyanide (100% inhibition at 1 mM) and the leaf and scutellum enzymes exhibited a close similarity in sensitivity to a wide range of cyanide concentrations.
pH Optima. All enzymes studied (NiRl and NiR2 from etiolated shoot, root, and scutellum; leaf nitrite reductase) showed the same type of pH activity curve, having a single maximum at pH 6.7 to 6.8.
Purification. The scutellum enzymes NiRi and NiR2 were purified 91-and 117-fold, respectively by acetone precipitation and chromatography on DEAE-cellulose and hydroxyl apatite. 
DISCUSSION
Nitrite reductase from roots and scutella of corn resembles the leaf enzyme in its ability to accept electrons from ferredoxin (14, 16) , methyl viologen (16), and benzyl viologen (4) but not directly from reduced pyridine nucleotides (16) . In contrast, nitrite reductase enzymes from the nonphotosynthetic organisms Neurospora (26) and E. coli (19) can accept electrons directly from reduced pyridine nucleotides. The resemblance of NiR2 from nongreen tissues to the leaf enzyme is further emphasized by similarities in isoelectric point, molecular weight, inhibition properties, pH stability, thermal stability, pH optima, and Km values. In addition to the marked similarities in physical characteristics, the leaf enzyme has been associated with the chloroplast (6, 28, 31) and the root enzyme from wheat with a proplastid (7). The differences between the two enzymes found in nongreen tissue and the significance of the NiRl enzyme has been discussed (16) .
Because of the similarities in properties of the enzymes involved, it is interesting to look for a unifying principle underlying nitrite reduction in green and nongreen tissues; two possibilities come to mind: (a) the nitrite reductases from both types of tissue can use ferredoxin in vitro as electron donor. The association of root and leaf nitrite reductase enzymes with plastids (proplastids and chloroplasts respectively) is also compatible with this hypothesis. In vitro, glucose-6-P has been used to reduce ferredoxin via ferredoxin-NADP reductase for the reduction of nitrite (13) . Further, there is some evidence that nitrite reduction may be coupled to the pentose phosphate pathway (3) . A nitrite reduction system of this kind would, however, be expected to work at low efficiency compared with an illuminated grana system because of the unfavorable NADPH -) ferredoxin transfer. However, the real difficulty is that although ferredoxin is generally acknowledged to be the reductant for nitrite reductase in green tissue (12, 17, 18, 20) , the occurrence of ferredoxin has not been conclusively demonstrated in nongreen tissue with the exception of etiolated cotyledons. Other problems arise in attempting to explain the involvement of ATP in nitrite reduction (2) and the sensitivity of nitrite reduction in vivo to uncoupling agents (9) . (b) Nitrite reductases in these tissues might possess a common electron donor, which is not ferredoxin. In this case, the demonstrable ability of ferredoxin to donate electrons in vitro to nitrite reductase would have no physiological significance. The observations of Grant et al. (11) and Grant and Canvin (10) are of interest in this connection. They propose that a substantial part of the nitrite reduction process-and of the nitrite reductase content of the cell-is located outside the chloroplast. A dual system-comprising extra-and intrachloroplastic mechanisms-would perhaps require the presence of two separable enzymes. No evidence has emerged from our work which in any way suggests the presence of two nitrite reductases in green leaves.
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